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Abstract

Patients with lower limb edema are frequently referred to vascular specialists for evaluation. Multiple etiologies must be
considered and often more than one cause may be present. Notably, the role of lymphatic system regardless of the
underlying pathology has been underestimated. A thorough history and physical examination and a carefully considered
laboratory and imaging evaluation are critical in differentiating causes. In this opinion article, we propose a diagnostic
algorithm that incorporates a systematic approach to the patient with leg swelling and provides an efficient pathway for

the differential diagnosis for this problem.
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Introduction

Lower limb edema is a common and challenging
diagnostic problem often with a significant impact.
It is defined as swelling caused by an increase in inter-
stitial fluid that exceeds the capacity of physiologic
lymphatic drainage. In most cases it occurs when
fluid accumulates in subcutaneous tissues leading to
volume expansion, although congenital etiologies
and lipedema may result in excessive soft tissue
in the lower extremities. Fluid collection can be a
result of many etiologies including a range of local
or systemic disorders, including infra-inguinal superfi-
cial and deep venous reflux, supra and infra inguinal
deep vein obstruction, and primary and secondary
lymphatic  diseases. Although the most likely
singular cause of unilateral lower limb edema in
individuals over 50 years old is venous disease, the
etiology is often multifactorial.' Symptoms can be
debilitating and subsequently impact quality of life
with significant costs to society.”> Recent work
has demonstrated that chronic edema negatively
impacts physical and psychological health and reduces
quality of life.® As such, in this opinion article, we
propose a practical diagnostic approach to accurately
and efficiently identify the causes of chronic edema
in affected patients and to institute appropriate
therapy.

History

Lower limb swelling may present to the clinician in
several ways. It is essential to take a complete patient
history to facilitate accurate, efficient, and cost-
effective diagnostic testing and management. The site
of swelling and any associated manifestations should
be assessed, including whether it is unilateral, bilateral
equal or bilateral but asymmetric, along with any
changes that occur with its severity with position and
time of day. Swelling may be asymptomatic, although
it can be associated with symptoms such as aching,
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pain, heaviness, characteristic venous or lymphatic skin
changes or prior or active ulcerations of the lower limb.
Patients may describe a sudden onset of limb swelling,
a gradual onset or a more long-standing condition.
Common causes of leg swelling based on acuity and
unilateral or bilateral symptoms are shown in Table 1.
Unilateral swelling favors primary and secondary
causes of venous or lymphatic compromise and bilat-
eral or generalized swelling suggests systemic etiologies
as noted in Table 1. Bilateral but asymmetric cases can
have unilateral causes on each leg of different etiologies
or varying degrees, or a unilateral cause superimposed
on a background of systemic disease. Lymphedema
and venous edema can also be bilateral unequal and
bilateral equal, although bilateral equal is less common
with venous etiologies below the IVC since the disease
is often asymmetric at any one point in time.
Assessing the duration of symptoms is important,
with acute swelling (<72h) more characteristic of eti-
ologies such as DVT, infection, trauma, exacerbation
of a medical condition such as congestive heart failure,
or recent medication changes. Chronic swelling may be
due to venous insufficiency, lymphatic dysfunction,
static foot disorders, or more longstanding medical eti-
ologies. Additionally, swelling due to venous disease
typically worsens with dependency during the day
and improves with elevation. Venous edema is also

Table 1. Common causes of leg edema in the western world.

commonly associated with complaints of aching, heavi-
ness, or fatigue of the limbs. Focal pain may suggest a
musculoskeletal or joint issue. Reflex sympathetic dys-
trophy (complex regional pain syndrome) must also be
considered with a significantly painful chronically swol-
len limb. Lymphedema is usually painless and may pre-
sent with classic signs of foot involvement and skin
changes or with just mild swelling that is pitting.>*
Lipedema almost always is bilateral, spares the feet,
and presents with disproportionate pain, tenderness,
and an unusual tendency to bruise easily. It is impor-
tant to recognize that the often-referenced clinical find-
ings are not always the rule with these conditions.

A complete history of venous disorders including the
presences of varicose veins, prior VTE, or prior events
that could provoke VTE, and of personal or familial
clotting issues and a history of prior superficial and
deep venous interventions should be obtained.
Provoking events could be trauma, prolonged bedrest,
history of lower limb interventions including joint
arthroplasty, arterial interventions, or vein harvesting
for heart bypass. Previous abdominal or pelvic surgery,
malignancy, or radiation history is also important as an
antecedent to both venous and lymphatic etiologies of
edema.””

Assessment for systemic diseases is necessary, par-
ticularly in older patients with multiple comorbid

Unilateral Bilateral
Recent® Chronic® Recent® Chronic®
Unilateral DVT Primary venous disease Bilateral DVT Chronic venous disease/

Ruptured Baker’s cyst
Ruptured leg muscle
Compartment syndrome
Intramuscular hematoma

Post-thrombotic syndrome
lliac vein compression
Lymphedema

Vascular malformation

Infection Reflux sympathetic dystrophy

Superficial vein thrombosis Mass/tumor®

Mass/tumor® Venous advential cystic disease

Fracture Infection

Sprain/strain Static foot disorders

Insect/animal bites Radiation
Atrophy/hypertrophy

Overgrowth syndromes

post-thrombotic syndrome
Pulmonary hypertension
Heart/renal/liver failure
Idiopathic edema
Chronic IVC occlusion,

IVC aplasia/hypoplasia
Drugs (see Table 2)
Lymphedema
Lipedema
Pregnancy, premenstrual edema
Obesity
Malabsorption syndrome,

hypoalbunemia
Spinal cord injury/immobility
Static foot disorders
Thyroid disease
Obstructive sleep apnea

Acute heart failure
Acute renal/liver failure
IVC thrombosis

IVC tumors

Drugs
Bilateral infections

Note: Arteriovenous fistulas involving large vessels can present with acute or chronic and unilateral or bilateral swelling. More commonly it presents as

a chronic condition.

“Recent definition includes acute (<3 days) and sub-acute (3 days — 3 months).

®Chronic definition >3 months.
“Can occur in the pelvis or extremity. If chronic, more likely to be benign.
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conditions that could be contributing to their primarily
bilateral leg edema. New onset or exacerbations of car-
diac, renal, hepatic, endocrine issues may be a cause. A
history of unexplained weight loss or adenopathy
might suggest malignant venous compression.

A detailed review of the patient’s medications must
also be performed. Any changes in regimens should be
considered in relation to swelling onset. Numerous
medications (Table 2) can lead to lower limb edema.
Calcium channel blockers, especially of the dihydro-
pyridine class such as amlodipine, are common cul-
prits, with lower limb edema found in nearly 50% of
patients on this agent.>*

It is very important to note that there are often sev-
eral factors responsible for swelling in any given patient
and it is incumbent on the physician to determine the
relative contribution of each. This will allow a more
complete diagnosis and help the physicians to prioritize
management to address the most important or impact-
ful etiologies.

Physical examination

A complete physical examination is as essential to the
clinical history in establishing the etiology of swelling.
Although the main complaint is in the lower limbs,
evaluation of the heart, lungs, and abdomen are impor-
tant to assess for systemic etiologies or contributing
factors. Increased jugular venous distension or crackles

Table 2. Drugs that may cause leg swelling.

Anti-hypertensive drugs
Calcium channel blockers
Beta blockers
Clonidine
Hydralazine
Minoxidil
Methyldopa

Hormones
Corticosteroids
Estrogen
Progesterone

Testosterone Gabapentinoids
Pregabalin
Gabapentin

Chemotherapy
Docetaxel
Gemcitabine
Pemetrexed
Lenolidamide/thalidomide
Targeted immunotherapy

Other
Non-steroidal anti-inflammatory drugs
Pioglitazone, rosiglitazone
Monoamine oxidase inhibitors
Pramipexole

in the lungs may be due to heart failure, a distended
abdomen with ascites or scleral icterus suggests hepatic
disease, and abdominal incisions can reveal past sur-
geries. Extensive prominent veins in the lower abdomen
may be a sign of inferior vena cava occlusion. Obesity
with a large abdomen also may contribute to bilateral
lower limb edema.”

It is important to assess both lower limbs, even if the
complaint is unilateral. Often the other limb is also
swollen and may provide clues as the causes of swelling
in the more affected limb. The distribution of swelling
should be noted. More focal swelling of a calf may be a
DVT, SVT, infection, or secondary to injury, while
swelling involving the entire limb or bilateral limbs is
more likely due to a proximal pathophysiology or sys-
temic process. Examination of the feet is also impor-
tant. In lymphedema, swelling affects the dorsum of the
foot in most cases and is associated with squaring of
the toes and the foot, toe nail deformities (ski jump
like), as well as skin thickening as characterized by
inability to pinch a skin fold on the dorsum of the
base of the second toe (a positive Kaposi-Stemmer
sign). In advanced stages, the skin becomes hyperker-
atotic with verrucous cobblestone-like papules, pla-
ques, and nodules. In lipedema, the feet are generally
spared, disproportionate swelling is noted from the
ankles to the waist when compared with the torso
above and a same distribution of swelling may also
be seen in the upper limbs. The presence of pitting
should also be noted, with a lack of pitting common
in stages II and III lymphedema regardless of its cause
as well as in lipedema. Pain, range of motion, and pres-
ence of neurologic abnormalities can help identify focal
musculoskeletal, neurologic issues, and DVT.”8

The skin of the lower extremities needs to be thor-
oughly examined. Infection and thrombophlebitis can
be accompanied by erythema and increased warmth.
The presence of varicose veins, especially with a
gaiter distribution of hemosiderin staining, eczematous
dermatitis, or atrophy blanche is indicative of venous
insufficiency. Active or healed ulcerations, particularly
in the region of the medial malleolus and lipodermato-
sclerotic skin changes suggest more advanced venous
disease. An endocrine disorder can be accompanied by
thin and shiny skin with bilateral swelling. Moreover,
pretibial myxedema can present with a variety of cuta-
neous changes including hyperpigmentation, plaques,
and/or nodules masquerading lymphedema.
Additionally, although it is rare to have swelling with
arterial insufficiency in the absence of critical limb
ischemia, a thorough pulse exam should be performed
on the bilateral lower limbs. This can assist identifying
patients with mixed arterial and venous issues, patients
with peripheral arterial disease with systemic etiologies
of edema, and for appropriateness of compression
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therapy.”* Another condition that contributes alone or
in combination with other pathologies in developing
edema are foot disorders which impair the patient
from adequate utilizing the calf muscle pump with
ambulation.’ It is often observed in the clinical prac-
tice, but few specialists assess for this.

Diagnostic testing

If a systemic issue is suspected, appropriate laboratory
tests should be performed. Complete blood count, a
metabolic panel including evaluation of creatine, uri-
nalysis, thyroid panel, atrial natriuretic peptide, hepatic
enzymes, and albumin level may reveal abnormalities
depending on the etiology. A D-dimer level may be
helpful in evaluating for a possible acute DVT in the
appropriate context.>* These tests can usually be per-
formed by the primary care physician or cardiologist
with concurrent imaging studies by the vascular spe-
cialist if needed.

Duplex ultrasound (DUS) is the initial and often the
only imaging test in patients with swollen lower limbs
without a clear cause based on history, physical and
laboratory exam, or when further details are required
to make therapeutic decisions. This non-invasive, low
cost exam can survey the extremities for vascular and
non-vascular causes of both acute and chronic swelling
and offers a reproducible method of viewing venous
anatomy, valve function, and patency. With sensitivity
and specificity rate >90% for DVT, venous reflux, and
non-vascular etiologies, swelling can be readily and
robustly evaluated.'®!!

DUS can also assess the venous anatomy in the
abdomen and pelvis to look for thrombosis or com-
pression by adjacent arteries or masses. Visualization
of pelvic anatomy may be difficult for less experienced
operators, or because of gas-filled intestinal loops, or
obesity.'"!" If additional imaging of the abdomen or
pelvis is necessary after DUS, contrast-enhanced
venous phase computed tomography (CT) or magnetic
resonance (MR) imaging are alternatives. Mass effect
by tumor or enlarged lymph nodes, iliocaval compres-
sion/obstruction, and general venous anatomy can be
easily visualized. Additionally, MR imaging can be
used for evaluating musculoskeletal or neurologic
etiologies.*

Venography with intravascular ultrasound (IVUS) is
another modality available for not only assessment but
for guiding and establishing the anatomical results of
endovascular treatment of abdominal/pelvis venous eti-
ologies of lower limb edema. Although this is an inva-
sive approach, venous lesions, stenoses, and
compression can be assessed with sensitivity >85%.'2
Venography with IVUS should be reserved for the
occasional cases where DUS, CT, or MR imaging are

inconclusive or as part of a procedure with the intent to
endovascularly treat a venous obstruction.

Although lymphedema is usually a clinical diagno-
sis, imaging techniques can be used for confirmation or
planning for surgical intervention. Direct contrast
lymphangiography has largely been abandoned for
the evaluation of a swollen extremity due to its techni-
cal complexity and complications. Currently, lympho-
scintigraphy is the gold standard. It generally utilizes
Tc-99m radiolabeled sulphur colloid which is injected
in the intradermally in the second and third web spaces
of the feet with serial imaging using a scintigraphic
camera for the assessment of lymph movement from
the feet to the chest.”®* Indocyanine green (IGD) lym-
phography has been increasingly used to identify and
stage lymphedema by plastic surgeons prior to and
during certain types of treatment and is also used for
objective staging and follow-up after surgery.'> MR
lymphography with and without contrast is a promis-
ing method providing good imaging and planning but
rigorous assessment of the examination, availability,
and interpretation expertise is lacking.'*!’

Diagnostic algorithm for chronic lower
extremity swelling

A practical diagnostic approach based on the concepts
discussed above is illustrated in Figure 1. If there are no
identified systemic causes or if there is no improvement
or partial improvement following management of
defined systemic causes, a more comprehensive evalua-
tion for underlying primary or secondary causes is
undertaken using the logic discussed in the prior sec-
tions. The diagnostic steps should be tailored to the
patient’s history, clinical exam, and the potential bene-
fits of interventions that require imaging to avoid over-
testing and follow a cost-effective approach. In an era
where multiple tests are ordered often without a proper
history and clinical examination, it is vital to reduce
costs and appropriate allocation of resources.
Evaluation includes a more detailed venous and
lymphatic history and physical as well as a venous
DUS of the lower extremities. Evaluation of the
venous system includes imaging for reflux and obstruc-
tion. Duplex ultrasound offers good differential diag-
nosis and can detect other causes such as popliteal
cysts, masses, hematoma, effusions, etc.'® If venous
pathology is identified, proper staging of the patient’s
chronic venous disease should be performed using the
CEAP classification. Patients with advanced venous
disease (chronic venous insufficiency or C3-C6) and
swelling usually have combined venous and lymphatic
disease. It is now accepted that over 90% of reabsorp-
tion of the capillary filtrate occurs via the lymphatics
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Thorough history & clinical
evaluation for both primary and

Chronic (>3mo) peripheral edema

v
Evaluate for systemic causes:

secondary causes

W

Diagnostic venous imaging (based on clinical exam)
O Venous Duplex for reflux and obstruction of

|

No improvement or partial
improvement
Peripheral edema causes are not
mutually exclusive. Continue to
evaluate for other causes.

o Medications lower extremities
o Obesity O Imaging of IVC and iliac veins
] Obstructive sleep apnea
o Heart failure LIPEDEMA
i (o] | [creden |
o Liver disease \
o Hypoalbuminemia VENOUS STAGE LYMPHATIC STAGE - ISL LIPEDEMA STAGE
o Pulmenary hypertension (Include Lymphatic Staging for> C3) | [5c3 O  Stage1
o Thyroid disease Qc__ - O StageD g g:agag
o Cyclic edema OE_ O  Stage 1 (mild) age
QA O  Stage 2 (moderate)
Yes ap - Phiebo-lymphedema o Stage 3 (severe) Lipo-lymphedema
Manage diagnosed condition -
appropriately l I l

DIAGNOSES: (not mutually exclusive)
o Primary Lymphedema
o Secondary Lymphedema

o

Figure |. Proposed diagnostic algorithm for chronic lower extremity swelling.

and not the venules. Increased filtration caused by
venous hypertension can overwhelm the capacity of
the lymphatic system and lead to swelling. When this
occurs for an extended period, irreversible injury to the
lymphatics can lead to swelling that will not resolve
after correction of the venous pathology; such swelling
is clinically described as phlebolymphedema. Unabated
venous hypertension increases capillary filtration which
can ultimately overload lymphatic fluid transportation
leading to clinical phlebolymphedema.'”'® Venous dis-
ease by this mechanism, not cancer and its therapeutics,
is now recognized as the most common cause of lymph-
edema in the western world.'

If the cause of the swelling is likely venous based on
appearance but if venous disease is either not identified
by lower extremity DUS or if the severity of the venous
findings does not completely explain the degree of
swelling, a venous DUS of the pelvic veins is suggested.
DUS is also suggested for recent slow onset unilateral
or bilateral edema in older patients not otherwise
explained to exclude retroperitoneal masses compress-
ing the IVC or iliac veins in the abdomen and pelvis.

Obesity can functionally cause iliac vein and IVC
obstruction resulting in edema with all the CVD stig-
mata without identified infra-inguinal venous disease.
Although iliac vein DUS, CT, or MR may be needed in
cases of more recent slowly developing edema to

exclude a mass, the finding of an iliac vein compression
by an iliac artery is likely of less importance than
morbid obesity as a cause and the latter should be
addressed first.

Venous imaging is normal in most patients with pri-
mary lymphedema and lipedema. Both pathologies are
mostly diagnosed based on history and characteristic
features on physical exam. However, it is important to
recognize that not all patients have these classic find-
ings. Lymphatic imaging may be helpful when the typ-
ical appearance of lymphedema is not present or when
surgical treatment is being considered in patients with
no evidence of significant venous disease. DUS can
help identify patients with lymphedema and lipedema
by excluding significant venous disease and demon-
strating subcutaneous fluid or excessive adipose tissue
accumulation, respectively. Appropriate staging of
these patients is part of the evaluation and helpful in
management and to follow progression of disease.'®*°

The diagnostic steps should be tailored to the
patient’s history and clinical exam to avoid over-
testing and follow a cost-effective approach. In an era
where multiple tests are ordered often without a proper
history and clinical examination, it is vital to reduce
costs and appropriate allocation of resources. This is
particularly true for patients with leg edema as it is very
common finding both in an acute and chronic stage.
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Conclusions

In approaching lower limb edema, a variety of etiolo-
gies must be considered. Careful history and physical
examination are essential in the differentiation of
causes and subsequent selection of cost effective and
appropriate diagnostic testing. This differential diag-
nostic pathway facilitates a systematic approach to
patients presenting with either acute or chronic leg
swelling in a unilateral or bilateral fashion.
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